Introduction {#S0001}
============

Cupping therapy, one of many complementary and alternative therapies, has gained popularity and has attracted much attention on social media.[@CIT0001] This treatment is widely used for pain relief by enhancing microcirculation of the skin.[@CIT0002]--[@CIT0004] Cupping therapy causes negative pressure to stretch the skin and underlying tissue, dilate the capillaries, and enhance blood volume and tissue oxygenation at the treatment site.[@CIT0005]--[@CIT0007] During this process, patients inevitably experience circular red marks on the treated sites, which usually elicit negative emotional responses. Although these marks are not harmful to the body and disappear in a few days, some patients are still afraid of being treated with cupping therapy.[@CIT0008],[@CIT0009] Our previous study showed that individuals experienced unpleasant and aroused emotional states to the visual images of cupping marks on the skin.[@CIT0010] In addition to residual skin discoloration, cupping therapy evokes a painful sensation during treatment, which is followed by a negative emotional response. Understanding the negative emotional responses to cupping therapy is a core component of dealing with aversion to this treatment.

There is large and growing evidence on attentional bias to negative information, i.e., the preferential allocation of attention toward pain-related information.[@CIT0011],[@CIT0012] Meta-analyses have shown that chronic pain patients have greater bias to pain-associated information.[@CIT0011],[@CIT0012] Eye-tracking methodology continuously measures visual-spatial attention and overcomes the shortcomings of a brief snapshot of attentional bias inferred from the visual probe task.[@CIT0013] Recent eye-tracking studies have shown that individuals with chronic pain exhibit greater vigilance to pain-related stimuli and earlier disengagement from pain words.[@CIT0014]--[@CIT0017] The initial vigilance for pain-related stimuli reflects an adaptive reaction to detect subsequent pain.[@CIT0018] Furthermore, the attentional bias toward pain-related information is considered to be an important factor for the development and the maintenance of chronic pain.[@CIT0019],[@CIT0020]

As cupping therapy might be painful and evoke negative emotional responses in patients, it is assumed that the cupping-associated negative response, skin discoloration, creates greater attentional bias to the therapy-related sites. The present study used eye-tracking to investigate whether pain-related stimuli (cupping therapy) on the back and the face induce negative emotions and attentional bias toward these stimuli.

Materials and Methods {#S0002}
=====================

Participants {#S0002-S2001}
------------

Fifty healthy volunteers (under 40 age) were recruited via online advertisements directed at students attending Kyung Hee University and Korea University in Seoul, Republic of Korea. Participants had normal or corrected-to-normal vision, and none had any kind of psychiatric or neurological disorder. None of the participants suffered from acute or chronic pain. Participants working or majoring in the medical field, eg, medical or nursing students, were excluded. All participants received a detailed explanation of the experimental procedure, and provided written informed consent prior to the start of the study. This experiment was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of Kyung Hee University (KHSIRB-18-075).

Empathy Quotient Questionnaire {#S0002-S2002}
------------------------------

All participants completed the Empathy Quotient (EQ) questionnaire before the experiment, which measures empathic characteristics of adults with normal intelligence.[@CIT0021] This questionnaire consists of 40 empathy associated questions and 20 filler questions. We used the validated Korean version of the EQ questionnaire in this study.[@CIT0022] The internal consistency of the EQ in the current study was evaluated by the Cronbach's alpha coefficient. The 40-items scale, excluding the 20 filler items, had a Cronbach's alpha of 0.867, which represents a good internal consistency.

Pain-Related Visual Stimuli Caused by Cupping Therapy {#S0002-S2003}
-----------------------------------------------------

To investigate whether pain-related visual stimuli related to cupping therapy on the back and the face induce negative emotions and attentional bias toward the stimuli, the participants were presented four different types of visual stimuli: images of a back with cupping marks (Back + cupping), images of a back without cupping marks (Back), images of a face with cupping marks (Face + cupping), and images of a face without cupping marks (Face). We used different back (n = 10) and facial (n = 10) images. The back images were taken with a digital camera, and the facial images were obtained from the Korea University Facial Expression Collection and have been well validated for research in the Korean population.[@CIT0023] All faces had a neutral expression. To avoid the effect of differences other than cupping therapy, we used Adobe Photoshop to create cupping marks on the original back and facial images.

We created 60 pairs of two horizontally aligned pictures: 20 pairs of one Back (control) and one Back + cupping (target) image, 20 pairs of one Face (control) and one Face + cupping (target) image, and 20 pairs of two control images (Back and Back; Face and Face). The positions of the two images in each pair, either left or right, were counterbalanced to eliminate the effect of image location. All pictures were approximately 10 cm wide and 12.5 cm high, and the distance between the inner edges of each picture in each pair was approximately 12 cm.

Eye Movement Measurements {#S0002-S2004}
-------------------------

The 60 sets of images used for the eye-tracking task were presented in random order across participants. The experimental stimuli were displayed on a 17-inch LCD-TFT monitor located approximately 70 cm from the participants' eyes (with a visual angle of 10.2° horizontally and 25.6° vertically). The programs iView X^TM^ RED and iView X Experiment Center 2.4 (SensoMotoric Instruments, Teltow, Germany) were used to present the visual stimuli and to calibrate and record eye movements.

Each trial started with a fixation cross at the center of the screen for 1000 ms, which was replaced with a pair of pictures for 3000 ms. Then, a black screen appeared for 2000 ms ([Figure 1A](#F0001){ref-type="fig"}). Participants were asked to look at the fixation cross at the start of each trial and refrain from moving their head during the task.Figure 1(**A**) Experimental design. We used four different kinds of visual stimuli: the back region with or without cupping and the facial region with or without cupping. Both the cupping and control images were presented on one screen at the same time, either on the left or right side of the screen. A fixation cross was displayed at the center of the screen for 1000 ms at the start of each trial. The fixation cross was followed by visual stimuli, which were displayed for 3000 ms. Then, a 2000 ms black screen was presented. (**B**) Unpleasantness ratings to the images. Both images with cupping marks on the back and on the face showed significantly more unpleasantness than the control images without cupping marks.

Unpleasantness Rating {#S0002-S2005}
---------------------

To minimize cognitive load, the unpleasantness ratings were completed separately from the eye movement measurements. The participants were given 6000 ms to evaluate the unpleasantness of each image. Participants rated the perceived unpleasantness of the image using a 5-point Likert-type rating scale (1 = not unpleasant, 5 = very unpleasant). A 2000 ms rest period was provided after the unpleasantness ratings. All experiments were conducted in an air-conditioned (24 ± 2°C) soundproofed room.

Data Analysis {#S0002-S2006}
-------------

The eye-tracking data were analyzed using the eye-tracking data analysis program BeGaze 2.4 (SensoMotoric Instruments). Regions of interest (ROIs) were defined for all sets of images; square-shaped ROIs were drawn to cover the back, and round-shaped ROIs were drawn to cover the face. The fixation time percentage on the ROIs was measured by BeGaze, and the attentional bias score was calculated for each participant by subtracting the mean fixation percentage (the mean percentage of fixations made on each ROI) of the control images (images without cupping marks) from the mean fixation percentage of the target images (images with cupping marks). The scores for the control pairs (pairs of back/back and face/face without cupping marks) were calculated using the mean fixation percentage of the left and right images, and the attentional bias scores of the control pairs were used as a control.

Data were analyzed using a 2 × 2 analysis of variance (ANOVA), with two within factors for the attentional bias score; one for the presence of cupping marks (with marks and without marks) and the other for the body parts where the cupping marks were drawn (back and face). The results are expressed as mean ± standard error. Pearson's correlation analysis was also performed to determine the relationship between subjective unpleasantness ratings and attentional bias with the EQ score. Statistical analyses were performed using Jamovi software (version 0.9; [<http://www.jamovi.org>]{.ul}), and a *p*-value \< 0.05 was considered significant.

Results {#S0003}
=======

Participants {#S0003-S2001}
------------

Fifty participants included 24 females (22.3 ± 0.6 years) and 26 males (24.2 ± 0.5 years) in this study. Among fifty participants, 24 participants had prior experience with cupping therapy, but 26 participants had no prior experiences.

Psychophysical Response to Pain-Related Visual Stimuli Caused by Cupping Therapy {#S0003-S2002}
--------------------------------------------------------------------------------

We conducted a 2 × 2 ANOVA with two within factors for the unpleasantness ratings; one for the presence of cupping marks (with marks and without marks) and the other for the body parts where the cupping marks were drawn (back and face). ANOVA revealed a significant main effect of cupping marks (F = 184.4, *p* \< 0.001) while the effect of location (back and face) was not significant (F = 0.495, *p* = 0.483). The interaction (cupping effect × location effect) was also not significant (F = 0.181, *p* = 0.672). Participants reported significantly higher unpleasant ratings to the images with cupping skin marks than to the control images (Back + cupping: 4.64 ± 0.26; Back: 2.03 ± 0.21; Face + cupping: 4.34 ± 0.31; Face: 1.89 ± 0.26) ([Figure 1B](#F0001){ref-type="fig"}).

Attentional Bias Towards Cupping Therapy {#S0003-S2003}
----------------------------------------

A 2 × 2 ANOVA was conducted for the attentional bias score. ANOVA showed a significant main effect of cupping (F = 241.4, *p* \< 0.001) and location (F = 5.92, *p* \< 0.05), and a significant interaction of the effects of cupping and location (F = 4.89, *p* \< 0.05) ([Figure 2A](#F0002){ref-type="fig"}). Attentional bias to cupping therapy on the back was longer than that on the facial region (back, 48.1 ± 2.8% vs face, 34.5 ± 2.5%). Eye fixation time percentage on the ROIs of the target images was significantly longer than the ROIs on the control images (Back + cupping: 48.1 ± 2.8%; Back: −0.7 ± 3.4%; Face + cupping: 34.5 ± 2.5%; Face: −2.2 ± 2.9%) ([Figure 2B](#F0002){ref-type="fig"}).Figure 2Attentional bias toward cupping therapy. (**A**) An example of the mean eye gaze fixation time percentage of a subject on the visual stimuli is represented as a heat map. The green-to-red color map indicates the average fixation time spent on each pixel. (**B**) The fixation time percentage was significantly higher in response to images with cupping marks on the body (both back and face) than control images. Attentional bias to cupping images was significantly greater for the images of the back compared to the images of the face.**Abbreviation:** ROI, region of interest.

Furthermore, we compared attentional bias toward cupping marks based on experience with cupping therapy. No significant differences in attentional bias were observed toward cupping marks between experienced and unexperienced participants (Back + cupping: experienced, 48.9 ± 6.9% and unexperienced, 50.5 ± 5.8%; Face + cupping: experienced, 37.9 ± 4.4% and unexperienced, 36.4 ± 5.6%).

Correlations Between the EQ Score, Attentional Bias, and Unpleasantness {#S0003-S2004}
-----------------------------------------------------------------------

We found a significant positive correlation between the unpleasantness ratings for cupping therapy images and the EQ score (*r* = 0.323, *p* \< 0.05) ([Figure 3A](#F0003){ref-type="fig"}), and a significant negative correlation between attentional bias to the ROIs of the target images and the EQ score (*r* = −0.279, *p* \< 0.05) ([Figure 3B](#F0003){ref-type="fig"}). However, the magnitude of correlation coefficients was weak.Figure 3Correlation between emotional response and attentional bias to cupping therapy and the Empathy Quotient scores. (**A**) Individuals with greater empathy showed significantly more unpleasantness to the cupping therapy images (*r* = 0.323, *p* \< 0.05). (**B**) Individuals with greater empathy showed significantly less attentional bias to the cupping therapy images (*r* = −0.279, *p* \< 0.05).**Abbreviation:** EQ, ﻿Empathy ﻿Quotient questionnaire.

Discussion {#S0004}
==========

The purpose of this study was to investigate attentional bias to cupping therapy-induced pain-related information using eye-tracking methodology. We demonstrated that the images of skin reactions caused by cupping therapy on the body evoked significant unpleasant responses compared to the control images. Similarly, the eye-tracking measures showed that participants exhibited greater attentional bias to the images with cupping marks on the body compared to the control images. Individuals with greater empathy showed more unpleasantness and less attentional bias to the cupping therapy images. These findings suggest that emotional and attentional responses to cupping therapy might reflect the potential reluctance to these marks.

In the current study, the eye-tracking measures showed that participants exhibited greater attentional bias toward cupping marks on the back and facial regions. These data are consistent with recent studies showing initial bias toward painful stimuli and attentional maintenance to the stimuli.[@CIT0014],[@CIT0018] The vigilance-avoidance hypothesis proposes an early attentional bias toward fearful stimuli followed by attentional avoidance of the stimulus.[@CIT0024] Initial vigilance is an orienting response, which induces rapid detection of potentially harmful stimuli.[@CIT0018] It is assumed that participants had greater initial vigilance to cupping therapy as an upcoming painful stimulus in the present study. It is well known that negative expectations of a treatment can reduce its clinical outcome.[@CIT0025],[@CIT0026] For example, nocebo effects can influence therapeutic efficacy and adherence to the treatment.[@CIT0027] To avoid an unnecessary nocebo effect of cupping therapy in clinical practice, it is necessary to minimize excessive vigilance to the stimuli and a potentially negative response, especially when it is used for medical treatment.

Because of the biological relevance of the head and facial areas for vital functions, trigeminal pain on the face is more prone to sensitization than other sites of stimulation.[@CIT0028],[@CIT0029] Thus, it can be expected that attentional bias to a cupping image might be greater in the facial region than in the back region. However, the present study found that attentional bias to cupping images was greater in the back region than the facial region. Considering the size of the body area (back or face) presented in this study, we used a larger number of cupping marks on the back (n = 6--11) than on the face (n = 3). As we used a different number of cupping marks on the back and face, we were unable to confirm the body-specific effect of attentional bias to cupping therapy in the current study. It will be interesting to further investigate attentional bias to potentially painful stimuli on various body sites in a future study.

In our study, participants viewed the pictures of another's body treated with cupping therapy. We found that individuals with higher EQ scores showed more unpleasantness and less attentional bias to another's body part where they received cupping therapy. A vicarious response to another's pain mediates the avoidance response to aversive stimuli,[@CIT0030] and empathy might be one of the important factors influencing vicarious pain.[@CIT0031] For example, individuals with a higher empathy score have greater brain responses in the insula while they are viewing painful stimuli given to others.[@CIT0032] Encoding of another person's pain comes from shared sensory mirroring systems for pain.[@CIT0033] As more empathetic participants share the sensory mirroring system for pain, it is assumed that more empathetic individuals had more unpleasantness and more avoidance behavior (less attentional bias) to cupping therapy in the present study.

Notably, the level of fear of an upcoming painful stimulus affects the attentional bias to cupping therapy-associated painful information, and participants with previous cupping therapy experience might have less fear for the treatment than inexperienced participants, although we did not measure fear for the treatment. Individuals with a higher fear of pain display a longer initial gaze toward health catastrophe words during the visual probe task,[@CIT0016] and the fear level is associated with the maintenance of attention on painful depictions under higher threat conditions implying pain.[@CIT0034] In our study, no significant difference in attentional bias was observed toward cupping marks between experienced and unexperienced participants. Therefore, the enhanced attentional bias toward the cupping marks in the current study was not derived from a difference in fear originating from a difference in treatment experience.

There are several limitations that should be discussed. First, as our findings were based on relatively young participants, it is necessary to include more varied populations to generalize the results in a future study. Second, although eye-tracking measures are considered a strong indicator of visual attention, visual attention can occur in the absence of eye movement. To capture visual attention to cupping therapy, it is necessary to measure visual attention with other experimental methods, such as the dot-probe task. Third, the different types of the cupping marks might be one of the potential factors to influence attentional bias to cupping therapy marks. It will be interesting to examine different types of cupping therapy marks including shape or color in the future study. Last, we only included pain-free healthy participants in this study. It would be interesting to compare the attentional bias of pain-free participants to patients with chronic pain who want to be treated with cupping therapy in a future study.

In summary, eye-tracking results and psychophysical measurements revealed a negative emotional response and attentional bias to cupping therapy-related marks, indicating pain and fear, on the back and the face. Our findings suggest that vigilance for pain-associated information might reflect an adaptive reaction to potential harmful stimuli. Practitioner's in-depth understanding of the negative responses of patients to cupping therapy will be necessary to deal with patients' aversion and reluctance to cupping therapy in clinics.
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